The synthesis and the odor tonalities of racemic 5-demethyl--ionone are described. This synthetic ionone derivative did not show the typical floral-woody violet smell of -ionone, definitely proving the importance of a suitably sized and spatially oriented alkyl substituent at C(5) for stimulating olfactory receptors of ionones.
The regioisomeric -, and -ionones 1-3, discovered at the end of the 19th century [1] in the headspace of violets and other flowers in bloom, soon became central to perfumery and fragrance chemistry for the creation of violet and other perfume notes [2, 3] . The initially employed fabulously expensive natural odorants (violet flower absolute) were rapidly replaced by cheap synthetic substitutes. Moreover, the search for new odorants and floral notes have often taken the ionone structure as a source of inspiration leading to a plethora of different synthetic derivatives [4] [5] [6] [7] [8] [9] , which generally share the woody-floral, violet scent characteristics of the natural compounds, though, in addition, they show individual odor facets and tonalities. Such a large variety of different structures clearly indicates the difficulties encountered for establishing a clear relationship between structure and violet-ionone scent and for assigning the ionone smell to a specific well-defined chemical structure or substructure [10] .
This fact mainly depends on the complexity of the human olfactory system which encodes odor entities by using combinatorial coding schemes [11] . Actually, the primary event of olfaction occurs in the olfactory epithelium where the odorant molecule interacts with different binding affinity with each of the about 390 different Gprotein coupled olfactory receptors (ORs) expressed by human active genes [12] . A pattern of receptor signalling is thus generated which is transmitted to the human cortex through the olfactory nerve, where many gates along the pathway have the potential to shut off or enhance odor signals. Moreover, the olfactory signal pattern is integrated and combined in the brain with stimuli originated from the trigeminal nerve fibres and signals of other senses, chiefly the sense of taste, and so on [13] .
In this complex scenario, attempts to draw a structure-smell relationship mainly rely upon examining the structural features of odorants of the same family, in which the contributions of different electronic, stereo-electronic, steric, and conformational properties of strictly related molecules are compared and distinguished more easily [14] .
Along this reasoning, in order to examine the influence of the C(5)alkyl substituent in the chemoreception of ionones, in previous studies we compared the olfactory properties of different synthetic 13-alkyl-substituted homologues 4-11 with parent (S)-α-ionone and (S)--ionone, which are the more powerful enantiomers in the two regioisomeric series [15] . different notes and characters ( Figure 2 ). However, the intensity of the violet scent dramatically depended on a precise steric hindrance and spatial orientation of the C(5) alkyl substituent. Thus, the odor threshold of ionone 4 was more than thirty times lower than (S)-αionone (odor threshold 2.7 ng/L air) [16] , but larger alkyl group derivatives, such as 5-7 showed minor odor potency [15a] . Incorporation of the C(5)-alkyl substituent in conformationally constrained cyclic structures, such as in compounds 9-11, led to the discovery of ionone odorants possessing an even lower odor threshold than the parent ionone [15b]. In fact, the bicyclic compound 9 showed an odor threshold of 0.076 ng/L air, while the regioisomer 11, with an odor threshold of 0.010 ng/L air, was determined to be the most potent member of the ionone family known so far in terms of threshold [15b].
Considering these steric effects and the three dimensional geometry of parent ionones 1 and 3 [17] and the synthetic derivatives 4-11 [15b-c,17], we concluded that hydrophobic interactions of the C(5)alkyl substituent with odor receptors and the spatial orientation of the enone side-chain with respect to the apolar moieties near C(6) play a significant role in the chemoreception of ionones, suggesting that an ionone conformation in which the C(6)-C(7) and the C(5)-C(13) bonds are almost synperiplanar is better accommodated by ionone receptors cavities [15c].
In the light of these results, we considered it interesting to analyse the odorant properties of 5-dealkyl-α-ionone 12, with the expectation that this compound would have been devoid of the typical floral and woody scent of ionones. Indeed, already in 1941, Jitkow and Bogert affirmed that the violet smell of ionones critically depends on the presence of three methyl groups attached to a cyclohexene nucleus, two of which should be adjacent to the enone side-chain [18] In this paper we describe a concise synthesis of enone 12 and its odor evaluation. At the beginning, our planned synthetic strategy ( Figure 3 ) was based on the preparation of the key cyclohexenylcarbinol intermediate 14, in principle obtainable through the Shapiro reaction [19] of ketone 15. This precursor was envisoned to derive from the product of a Lewis acid-catalysed cyclization of ketoester 16, which could readily be assembled from commercially available compounds 17 and 18. In accordance with this plan, the synthesis thus started with the regioselective -alkylation of the dianion of commercially available keto-ester 17 with allyl-bromide 18 to afford the ketoester 16 [20] in good yield. Subsequently, compound 16 was submitted to a SnCl 4 -promoted biomimetic cyclization to deliver the monocylic ketoester 19 in 70% yield [20] . The subsequent steps consisted in the protection of the carbonyl group of ketone 19 as the corresponding dimethoxy acetal 20, followed by reduction of the ester group with LiAlH 4 to the corresponding alcohol 21, which was then unmasked on exposure to aqueous HCl in THF to deliver the hydroxyketone 15 ( Figure 4 ).
With compound 15 in hand, at first we attempted its direct conversion to olefin 14 through a Shapiro-like reduction of the carbonyl group [19] . The product 14 was indeed formed, however, in <20% yield, likely due to the retro-aldol-like decomposition of the p-toluensulfonylhydrazone 22 of ketone 15, upon treatment with excess LDA, in accordance with the mechanism shown in Figure 5 . To circumvent this problem, before carrying out the Shapiro reaction, alcohol 21 was converted to the O-TBDPS (TBDPS = tert-butyldiphenylsilyl) protected hydrazone 27 through standard reactions ( Figure 6 ).
In the subsequent step, compound 27 was treated with excess n-BuLi to induce the formation of the desired olefin 28. The Shapiro reaction proceeded smoothly; however, the NMR spectra of the product revealed the presence of O-silyl ether 28 in an about 1:1 mixture with alkenylsilane 29 ( Figure 6 ). The latter product likely originated from a retro- [1, 4] -Brook rearrangement [21] of the alkenyl-lithium intermediate 30, in accordance with the mechanism shown in Figure 7 .
Though these results were quite frustrating, they indicated to us an alternative route to olefin 14 through protonation of an alkenyl lithium intermediate having an unprotected primary alcohol, which was expected to avoid the migration of the silyl group. To this aim, ketone 26 was converted to the corresponding hydrazone 32, which was exposed to I 2 and DBU under Barton's conditions [22] . A mixture of iodides 33 and 34 was produced which was immediately treated with excess DBU in benzene at reflux to deliver a 2:1 mixture of iodides 33 and 35 in 72% yield over three steps ( Figure  8 ). Before further proceeding in the synthesis of target enone 12, we wanted to reconfirm the mechanism of alkenylsilane 29 formation through the retro- [1, 4] -Brook rearrangement of the alkenyl-lithium species 30 ( Figure 7 ). Iodide 33 was therefore exposed to n-BuLi in THF at -78°C, to induce halide-lithium exchange. Upon quenching the reaction mixture, the two silyl derivatives 28 and 29 were isolated in a ratio of 1:1, as expected, thus confirming the proposed mechanism for the O→C silyl group migration occurring in the intermediate 30 ( Figure 9 ). To avoid the silyl group migration after the halide-/lithium exchange, at first the TBDPS group was detached from the primary hydroxyl group of 33 and 35 in a standard way; subsequently, the mixture of free alcohols 36 and 37 was exposed to n-BuLi in THF and the resulting lithium salts were quenched with aqueous NH 4 Cl ( Figure 9 ). Finally, the resulting mixture of regioisomeric alcohols 14 and 38 was treated with stabilized 2-iodoxybenzoic acid (SIBX) in DMSO [23] to produce the corresponding volatile aldehydes 13 and 39, which were immediately submitted to the Horner-Wadsworth-Emmons (HWE) reaction with diethyl (2-oxopropyl) phosphonate. The NMR spectra of the product revealed exclusively the presence of the E-alkene 12, while the regioisomeric enone 40, namely the expected product of the HWE reaction of aldehyde 39, was not detected (Figure 10 ).
At present, we do not have a firm explanation for this rather unexpected result; however, as one reviewer has observed, the absence of enone 40 among the products of the HWE reaction of 13 and 39 may depend on a much lower reactivity of the ,unsaturated aldehyde 39 than the ,-regioisomer 13. Indeed, this different reactivity may be similar to that described for cyclogeranial 41 and -cyclogeranial 42 (Figure 9 ), structurally related to compounds 39 and 13, respectively, in the Wittig reaction with (acetylmethylidene)triphenylphosphorane, where the -isomer 41 was recovered unreacted [24] . With the highly sought 5-demethyl-α-ionone 12 in hand, we performed a preliminary qualitative olfactory evaluation. As expected, we found that the smell of this new ionone derivative did not show the typical floral-woody violet character, typical of ionone; in striking contrast, the odor was described as similar to the smell of soap; other persons felt, instead, the odor of rubber shoes.
In conclusion, our odor evaluation of compound 12 confirmed the importance of an alkyl substituent at C(5) for giving rise to the violet smell of ionones,. This group must have a precise hindrance and spatial orientation [15c], so that it may correctly interact with hydrophobic residues of ionone olfactory receptors, thus triggering a signal which, traveling through the olfactory nerve, ultimately reaches the human brain where is decoded as a pleasant violet smell.
Experimental
General: All reagents were of commercial quality. THF, as well as diethyl ether, were distilled from Na/benzophenone; n-hexane was distilled from Na; CH 2 Cl 2 was distilled from CaH 2 . All moisturesensitive reactions were carried out under a positive static atmosphere of Ar in glassware that had been dried in an oven at 140°C for at least 3 h prior to use, and allowed to cool in a desiccator over self-indicating silica-gel pellets. Syringes and needles for the transfer of reagents were dried at 140°C and allowed to cool in a desiccator over P 2 O 5 before use. Routine monitoring of reactions was performed by using Merck silica gel 60 GF 254 (0.25 mm), aluminum-supported TLC plates. Compounds were visualized by either UV irradiation at a wavelength of 254 nm, or stained by exposure to a 0.5% soln. of vanillin in H 2 SO 4 /EtOH, followed by charring. Silica gel chromatography was performed by using Merck Kieselgel 60 (40-63 μm). Yields are reported for isolated compounds with 96% purity established by NMR; IR spectra: Perkin-Elmer Paragon 100 PC-FT-IR spectrometer; films; ʋ in cm -1 . 1 H-and 13 C-NMR spectra: Bruker AV-300 spectrometer at 300 MHz; chemical shifts δ in ppm rel. to CHCl 3 [20] (2.47 g, 13.4 mmol) in MeOH (73 mL). The mixture was stirred at 60°C for 48 h. The reaction was quenched by adding NaHCO 3 (0.56 g, 6.7 mmol). After stirring for 10 min at room temperature, the solvent was removed under reduced pressure, the residue diluted with CH 2 Cl 2 (50 mL) and a sat. aq. NaHCO 3 soln. (50 mL) was added. The aq. phase was extracted with CH 2 Cl 2 (2×50 mL) and the combined organic layers were dried over Na 2 SO 4 and concentrated under reduced pressure. The crude was purified by silica gel chromatography (n-hexane/Et 2 O, 9:1) to afford acetal 20 (2.78 g, 90% yield) as a yellow oil, containing 5% of an impurity, which was removed in the following step. Rf 
(±)-(2,2-Dimethoxy-6,6-dimethylcyclohexyl)methanol (21):
A solution of ester 20 (2.13 g, 9.3 mmol) in anhydrous Et 2 O (16 mL) was added via cannula to a suspension of LiAlH 4 (1.05 g, 27.8 mmol) in anhydrous Et 2 O (40 mL), precooled to 0°C. Subsequently, the mixture was refluxed at 40°C for 4 h. Then the reaction was cooled to 0°C and excess LiAlH 4 was quenched by adding water (3.0 mL), a solution of NaOH (20%, 5 mL) and water (3.0 mL). Aluminum salts were filtered over Celite ® and washed with Et 2 O (50 mL). After removing the solvent under reduced pressure, the residue was purified by silica gel chromatography (n-hexane/ Et 2 O, 9:1) to afford pure acetal 21 ( (81 mg, 0.7 mmol) and TBDPSCl (1.14 mL, 4.0 mmol) were added to a solution of alcohol 21 (673 mg, 3.3 mmol) in anhydrous CH 2 Cl 2 (33 mL). After stirring for 5 h at room temperature, the reaction was quenched with H 2 O (50 mL) and CH 2 Cl 2 (20 mL). The aq. phase was extracted with CH 2 Cl 2 (2×50 mL) and the combined organic layers were dried over Na 2 SO 4 and concentrated under reduced pressure. The residue was purified by silica gel chromatography (n-hexane/Et 2 O, 95:5) to afford the silyl ether of alcohol 21 (1.35 g, 92% yield) as a colorless oil. Rf: 0.32 (n-hexane-Et 2 O, 95:5) IR (NaCl): 2952, 2858, 2830, 1706, 1590, 1472, 1428, 1391, 1361,  1256, 1245, 1144, 1104, 1012, 981, 918, 880, 824, 801, 741, 701 
(±)-tert-Butyl-[(2-iodo-6,6-dimethylcyclohex-2-en-1-yl)methoxy]diphenylsilane (33) and tert-butyl-[(2-iodo-6,6dimethylcyclohex-1-en-1-yl)methoxy]diphenylsilane (35):
Hydrazine monohydrate (0.48 mL, 9.8 mmol) and Et 3 N (0.12 mL, 0.9 mmol) were added to a solution of ketone 26 (228 mg, 0.6 mmol) in absolute ethanol (1.2 mL). After stirring for 2 h at 75°C, the solvent was removed under reduced pressure, the residue was diluted with Et 2 O (5 mL) and brine (5 mL) was added. The aq. phase was extracted with Et 2 O (2×5 mL) and the combined organic layers were dried over Na 2 SO 4 and concentrated under reduced pressure. The crude hydrazone 32 was directly used in the next step. DBU (0.78 mL, 5.2 mmol) was added to a solution of 32 in anhydrous Et 2 O (2.3 mL). Then a solution of I 2 (291 mg, 1.2 mmol) in Et 2 O (2.3 mL) was added via cannula into the mixture. After stirring for 30 min at reflux (40°C) and then 12 h at room temperature, the reaction was quenched with a sat. aq. NaHCO 3 soln. (10 mL) and Et 2 O (5 mL). The aq. phase was extracted with Et 2 O (2×10 mL) and the combined organic layers were dried over Na 2 SO 4 and concentrated under reduced pressure. The residue, consisting of a mixture of iodides 33 and 34 was directly used in the next step. DBU (0.78 mL, 5.2 mmol) was added to a solution of this mixture in anhydrous benzene (2.3 mL). After stirring for 3 h under reflux, the reaction was quenched with a sat. aq. Na 2 S 2 O 3 soln. (10 mL) and Et 2 O (8 mL). The aq. phase was extracted with Et 2 O (2×10 mL) and the combined organic layers were dried over Na 2 SO 4 and concentrated under reduced pressure. The residue was separated by silica gel chromatography (n-hexane/EtOAc 99:1) to yield iodides 33 and 35 (210 mg, 72% overall yield over 3 steps) as a chromatographically inseparable mixture, in the ratio of 2:1. Rf: 0.39 (n-hexane-EtOAc 
(±)-(E)-4-(6,6-Dimethylcyclohex-2-en-1-yl)but-3-en-2-one (12):
SIBX [23] (45% , 133 mg, 0.47 mmol) was added to a solution of a mixture of alcohol 14 and 38 (21 mg, 0.14 mmol) in anhydrous DMSO (1.4 mL). After 2 h of stirring at room temperature, the mixture was diluted with Et 2 O (10 mL) and quenched by addition of a 1:1 mixture of saturated aq Na 2 S 2 O 3 soln. (4 mL) and saturated aq NaHCO 3 soln. (4 mL); the organic layers were washed with brine (10 mL), dried over Na 2 SO 4 and concentrated under reduced pressure (>200 mmHg). CAUTION: aldehydes 13 and 39 are highly volatile. Crude aldehydes were then submitted to the following step without purification due to their high volatility and easy oxidability.
A solution of diethyl (2-oxopropyl)phosphonate (29 mg, 0.15 mmol) in anhydrous THF (1.5 mL) was added via cannula into a suspension of NaH (60% oil dispersion, 6 mg, 0.25 mmol) in anhydrous THF (0.4 mL), precooled to 0°C. After stirring at room temperature for 1 h, the mixture was cooled at 0°C and a solution of aldehydes 13 and 39 (22 mg, 0.14 mmol) in anhydrous THF (1.4 mL) was added via cannula. The reaction was spontaneously warmed to room temperature over 5 h and then was quenched by adding Et 2 O (12 mL) and a sat. aq. NH 4 Cl soln. (15 mL). The aq. phase was extracted with Et 2 O (2×15 mL) and the combined organic layers were dried over Na 2 SO 4 and concentrated under reduced pressure. The crude was purified by silica gel chromatography (n-pentane/Et 2 O, 98:2) to afford enone 12 (11 mg, 45% yield over two steps) as a pale yellow oil. Rf: 0.30 (n-pentane-Et 2 O, 98:2)
